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1. Introduction 
The countermeasures against toxic substances or musty odor cause substances in the source 
for water supply have become a serious subject with the pollution of environmental waters 
(Coleman et al., 1980; Nakasugi, 1993; Tanada et al., 1995; U. S. EPA, 1993). For the purpose 
of the utilization of the photodecomposition method for the water purification at a water 
purification plant or a water purifier, we have investigated on the photodecomposition 
behaviors of organic pollutants (Matsuda et al., 2002; Okumura et al., 2003), total organic 
compounds (Tanizaki et al., 2005), formaldehyde (Tanizaki et al., 2005), total organic halides 
(Tanizaki et al., 2005), trihalomethanes (Tanizaki et al., 1997, 2005), geosmin (Okumura et al., 
2004) and 2-methyl-iso-borneol (Okumura et al., 2004) using a titanium dioxide (TiO2) 
photocatalyst. Relatively high photodecomposition efficiencies were obtained for these 
substances. 
Pesticide is one of the toxic chemical substances polluting the source for water supply 
(Tanada et al., 1995), vegetables, fruits, etc (Ishikawa et al., 2004). Then, the residual 
pesticide in many kinds of food have already been regulated and the aiming standard 
values of 101 types of pesticide for tap water quality control were set up in 2003 (Ando, 
2004). However, only 21 in 117 types of pesticide showed over 80% of removal ratio in the 
coagulation and sedimentation usually performed at a water purification plant (Ishikawa et 
al., 2006). Then, we investigated on the photodecomposition behaviors of the 5 types of 
pesticide which were largely used in Kitakyushu district. 
We have ever used silica gel having high decomposition efficiency as a carrier of TiO2 
photocatalyst. However, a silica gel carrier was fragile. In addition, sufficient endurance of 
the carrier is demanded when the decomposition of chemicals in water and food or that 
disinfection using supersonic wave together is performed (Ishikawa et al., 2008). Then, we 
also investigated on the photodecomposition ability with an alumina carrier, which could 
stand against ultra violet (UV) light and water, instead of silica gel carrier. 
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2. Material and methods 
2.1 Instruments 
Gas chromatograph/mass spectrometer (GC/MS) was a Hewlett Packard HP-5890 series 
and a JEOL auto mass system. Total nitrogen (T-N) analysis was performed using a Tokyo 
Kasei Ind. Co. TCI-NOX 1000, GASTORR GT-102, VISIBLE DETECTOR S-3250 and AUTO 
SAMPLER SS-3600, while other determinations Hitachi Co. U-2000A a spectrophotometer 
was used. 
2.2 Objective pesticides and other reagents 
Five pesticides (Table 1) were selected for an objective pesticide. These pesticides were 
used in the Onga River Basin and their aiming standard values in tap water quality were 
established (Ando, 2004). Their structural formulas were shown in Fig. 1. Dinitrophenol 
(DNP) was used as a chemical substance for the capability evaluation of alumina carrier 
(Okumura et al., 2003). These chemical substances were obtained from Hayashi Pure 
Chemical Industries, Wako Pure Chemical Industries and Tokyo Kasei Kogyo Co.. Each 
standard solution was prepared by the dilution with acetone. An alumina carrier was 
obtained from Sumitomo Chemical Co.. The properties of the alumina and silica gel 
carriers, comparative carriers, were shown in Table 2. Two types of alumina, NK124 and 
NKHO24  
(Fig. 2), and silica gel carrier-TiO2 photocatalysts were produced by the Sol-Gel Method 
(Okumura et al., 2004; Tanizaki et al., 1997). All solvents were the grade reagents for 
pesticide residue analysis, which were obtained from Kanto Chemical Co. and Wako Pure 
Chemical Industries. Other reagents were special grade reagents, which were obtained from 
Wako Pure Chemical Industries. Anhydrous Na2SO4 and NaCl were heated at 800 oC for 3 h 
after acetone-washing. The water was purified using a Millipore Milli-Q Ultra-pure Water 
System. 
 
Pesticide Use 
Shipped amount a 
(kg) 
Aiming standard 
value 
(mg l-1) 
Chlorthalonil Disinfectant 185 0.05 
Pencycuron Disinfectant 686 0.04 
Cafenstrole Herbicide 1,946 0.008 
Thiobencarb Herbicide 155 0.02 
Trifluralin Herbicide 5,238 0.06 
a The values in 2003 
 
Table 1. The shipped amounts and the aiming water qualities of the objective pesticides in 
the Onga River Basin  
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Fig. 1. Structural formulas of the objective pesticides 
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Item Carrier 
 NK124 NKHO24 Silica gel 
Particle size (mm) 2-4 2-4 1.7-4 
Al2O3 contents (%) 99.9 99.7 － 
Micropore volume (cm3 g-1) 0.77 0.58 － 
Relative surface area (m2 g-1) 130 160 － 
Compacting strength (kg) 2 6 － 
Supporting ratio (%) 20 17 25 
Table 2. Properties of alumina and silica gel carriers 
 
 
NK124 NKHO24 
Fig. 2. Prepared alumina carrier-TiO2 photocatalysts 
2.3 Apparatus for the photodecomposition of the pesticides 
The apparatus for the photodecomposition experiments of the pesticides and DNP was 
shown in Fig. 3. The photoreactor (Fig, 4) was made of stainless steel and equipped with a 6 
W low pressure mercury lamp (a Matsushita Electric Ind. Co. GL6/Q) and a stabilizer 
(Nihon Fluorescence Electric Co.). Eighty five milliliters of each photocatalyst was packed in 
a thickness of about 5 mm. The UV illumination intensity on the surface of catalyst was 10 
mW cm-2. Sample water was circulated with a roller pump (Furue Science Co.). 
www.intechopen.com
Photodecomposition Behaviors of Pesticides in the Source 
for Water Supply Using an Alumina Carrier-Titanium Dioxide Photocatalyst 
 
55 
 
Fig. 3. Apparatus for the photodecomposition of the pesticides 
 
 
Fig. 4. Structure of photoreactor 
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2.4 Analyses of pesticides, DNP and other items 
The quantification of the pesticides and DNP in UV irradiated solution was performed in 
the next procedure. About 2 g of NaCl was added in 40 ml of UV irradiated solution and 
each pesticide or DNP was extracted with 4 ml of dichloromethane. The dichloromethane 
layer was separated from aqueous layer, dehydrated with anhydrous Na2SO4 and analyzed 
by the GC/MS method (Nakano et al., 2004; Yamaguchi et al., 1997). The GC/MS conditions 
were shown in Table 3. Each calibration curve showed good linearity in the quantification 
range. Their recoveries by the method were over 85%.  
pH, suspended solid matter (SS), BOD, KMnO4 consumption, total nitrogen (T-N), total 
phosphorus (T-P) and electric conductivity (EC) were measured by the method of Japanese 
Industrial Standard K0102 (Japan Industrial Standards Committee, 1995). 
 
Column DB-5MS (5%Diphenyl 95%dimethyl polysiloxane) 
0.25 mm x 30 m x 0.25 μm 
Column temperature 60 oC (1 min)－30 oC min-1－130 oC－5 oC min-1 
－240 oC－10 oC min-1－300 oC (10 min)  
Injector temperature 250 oC 
Carrier gas He 1.5 ml min-1 
Transfer line temperature 260 oC 
Mode EI
Table 3. GC/MS conditions 
2.5 The photodecomposition capability experiments of alumina carrier-TiO2 
photocatalysts and photodecomposition experiments of pesticides 
Each alumina or silica gel carrier-TiO2 photocatalyst was packed in the photoreactor. The 
water samples for DNP and pesticides experiments were prepared by adding 3 ml of each 
1,000 mg l-1 DNP or pesticide acetone solution in 3 l of purified water (for the 
photodecomposition capability experiment of photocatalyst) or the river water (Table 4) (for 
the photodecomposition experiment of pesticide). The water sample was vigorously shaken 
for 30 min using a separatory funnel and placed in 5 l glass bottle. The water sample was 
firstly circulated for 30 min at l min-1 of flow rate by stirring and the system was allowed to 
reach equilibrium. Then the mercury lamp was switched on. The UV irradiated solution was 
periodically withdrawn during irradiation and DNP or each pesticide was quantified by the 
GC/MS method. The photodecomposition experiments of pesticides without a 
photocatalyst were also performed. 
 
Item Concentration 
pH 7.6 
SS (mg l-1) 6 
BOD (mg l-1) 3.5 
KMnO4 consumption (mg l-1) 5.8 
T-N (mg l-1) 1.52 
T-P (mg l-1) 0.08 
EC (μS cm-1) 264 
Table 4. Quality of the river water used for this experiment 
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3. Results and discussion 
3.1 Comparison of the photodecomposition capability of alumina carrier-TiO2 
photocatalysts 
Figure 5 shows the photodecomposition rates of DNP using the alumina and silica gel 
carrier-TiO2 photocatalysts. DNP was decreased exponentially with reaction time (t) and the 
rate of DNP disappearance was nearly represented by a first-order process. The values of 
pseudo-first-order rate constant (k: C=C0e-kt) of NK124, NKHO24 and silica gel carrier-TiO2 
photocatalysts determined from the plot of data points (C/C0 vs. t) were 0.027, 0.016 and 
0.030 min-1, respectively. The rate constant of NK124 carrier-TiO2 photocatalyst was near 
that of silica gel-TiO2 photocatalyst.The micropore volume of NK124 is lager than that of 
NKHO24 but its relative surface area is smaller than that of NKHO24. The supporting ratio 
of NK124 was higher than that of NKHO24. It was supposed that the deference of DNP 
photodecomposition rate was caused by the deference of supporting ratio. Then, the 
photodecomposition experiments of the pesticides were performed using a NK124 carrier-
TiO2 photocatalyst. 
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Fig. 5. Photodecomposition rates of DNP  
3.2 Photodecomposition behaviors of pesticides 
Figure 6-10 show the photodecomposition ratios of the pesticides. These pesticides were 
decomposed faster than DNP and the removal efficiencies after 3 min UV irradiation were 
94% (Cafenstrole), 92% (Chlorthalonil), 75% (Thiobencarb), 67% (Pencycuron), 58% 
(Trifluralin) and 8% (DNP). After 30 min UV irradiation, the removal efficiencies of 
Cafenstrole and Chlorthalonil, and Thiobencarb, Pencycuron and Trifluralin, were 98 and 
94%, respectively. The UV illumination intensity in the experiments was so strong that the 
same removal efficiencies as with the photocatalyst were obtained without the  
㼗=㻜㻚㻜㻝㻢 㼙㼕㼚㻙㻝  
㼗=㻜㻚㻜㻞㻣 㼙㼕㼚㻙㻝  
㼗=㻜㻚㻜㻟㻜 㼙㼕㼚㻙㻝  
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Fig. 6. Photodecomposition of Chlorthalonil 
 
 
 
 
Fig. 7. Photodecomposition of Pencycuron 
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Fig. 8. Photodecomposition of Cafenstrole  
 
 
 
Fig. 9. Photodecomposition of Thiobencarb 
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Fig. 10. Photodecomposition of Trifluralin 
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Fig. 11. Relationship between ln(C/C0) and t photocatalyst. 
Figure 11 shows the relationship between ln(C/C0) and t. As these pesticides were 
decomposed immediately, the linear relationship between ln(C/C0) and t could not be 
obtained. 
www.intechopen.com
Photodecomposition Behaviors of Pesticides in the Source 
for Water Supply Using an Alumina Carrier-Titanium Dioxide Photocatalyst 
 
61 
Every pesticide has a biologically or chemically changeable structure in molecule. For 
example, a N-CO-N bond (Pencycuron and Cafenstrole) and a N-CO-S bond (Thiobencarb) 
are easily hydrolyzed. Cyano group (Chlorthalonil) is easily oxidized. Carbon-Cl bond, 
benzene ring and alkyl group are biologically hydroxylized (Haque & Freed, 1975; Hutson 
& Roberts, 1981; Matsumura & Murti, 1982; Uesugi et al., 1997; Yamamoto & Fukami, 1979). 
On the other hand, the scissions of a C-Cl bond, a C-F bond, a C-NO2 bond, a C-NR2 bond  
and a N-N bond, especially a C-Cl bond and a N-N bond, are easily occurred 
photochemically (Ishikawa et al., 1989, 1992; Ishikawa & Suetomi, 1993; Ishikawa, 1996; 
Tanizaki et al., 2005). Moreover, the photochemical scission of a C-Cl bond is faster than the 
photohydrolyses of organic phosphate esters (Ishikawa et al., 1992). The differences of the 
photodecomposition rates in these parts would have caused the differences of the 
photodecomposition rate or the removal efficiency after 30 min UV irradiation of each 
pesticide. As the photodecomposition products could not be detected by the GC/MS 
analysis, it was considered that these pesticides converted into the high polar compounds.  
4. References 
Ando, M. (2004). Standards for Drinking Water Quality. J. Food Hyg. Soc. Japan, Vol.45, No.2, 
J-151-J-155 
Coleman, W. E., Melton, R. G., Kopfler, F. C., Barone, K. A., Aurand, T. A. & Jellison, M. G. 
(1980). Identification of Organic Compounds in a Mutagenic of a Surface Drinking 
Water by a Computerized Gas Chromatography Mass Spectrometry System 
(GC/MS/COM). Environ. Sci. Technol., Vol.14, 576-588 
Haque, R. & Freed, V.H. (1975). Environmental Dynamics of Pesticides. Plenum Press, New 
York and London, USA and UK 
Hutson, D.H. & Roberts, T.R. (1981). Progress in Pesticide Biochemistry Volume 1. A Wiley-
Interscience Publication, Chichester 
Ishikawa, S. & Suetomi, R. (1993). Utilization of Photochemical Reaction in Environmental 
Chemistry. J. Environ. Chem., Vol.3, No.2, 295-304 
Ishikawa, S. (1996). Utilization of Photochemical Reaction in Environmental Chemistry. 
KITAKYUSHU ENVIRONMENTOPIA, Vol.11, No.1, 2-5 
Ishikawa, S., Baba, K., Hanada, Y., Uchimura, Y. & Kido, K. (1989). Photodecomposition of o-
Chloroaniline in Aqueous Solution with Low Pressure Mercury Lamp. Bull. 
Environ. Contam. Toxicol., Vol.42, 65-70 
Ishikawa, S., Eguchi, Y. & Ito, S. (2008). Decomposition Behavior of DMSO and Methanol. 
Report on Development of Photo-supersonic Wave Complex Technique with TNT 
(I), FS Study. The University of Kitakyushu, Japan 
Ishikawa, S., Naetoko, E., Kawamura, S., Yamaguchi, R., Higuchi, M., Kojima, T., Yamato, Y. 
& Takahashi, M. (2004). Investigation of Pesticide Residues in Foods Distributed in 
Kitakyushu City. J. Food Hyg. Soc. Japan, Vol.45, No.2, 87-94 
Ishikawa, S., Uchimura, Y., Baba, K., Eguchi, Y. & Kido, K. (1992). Photochemical Behavior 
of Organic Phosphate Esters in Aqueous Solutions Irradiated with a Mercury 
Lamp. Bull. Environ. Contam. Toxicol., Vol.49, 368-374 
Ishikawa, S., Ueda, N., Okumura, U., Iida, Y., Higuchi, M., Naetoko, E., Tokunaga, Y. & 
Baba, K. (2006). Removal Efficiency for Pesticides on Coagulation and 
Sedimentation Using Coagulant Recovered from Water Supply Sludge. J. Japan Soc. 
Water Environ., Vol.29, No.10, 653-658  
www.intechopen.com
 
Food Industrial Processes – Methods and Equipment 
 
62
Japan Industrial Standards Committee (1995). JIS Handbook: Measurement of Environment-
1995. Japanese Standards Association, Tokyo, Japan, pp. 973-1188 
Matsuda, A., Taketomi, M., Tanizaki, T., Hashimoto, A., Eguchi, M., Suzuki, M., Ishibashi, 
M., Ichida, K., Nakano, K. & Takagi, S. (2002). Application of Solar 
Photodecomposition to Water Purification Treatment Using Titanium Dioxides, 
Proceedings of JWWA 52th Annual National Conference on Water Works, pp. 204-205 
Matsumura, F. & Murti, C.R.K. (1982). Biodegradation of Pesticides. Plenum Press, 
NewYork, USA  
Nakano, K., Obuchi, E., Takagi, S., Yamamoto, R., Tanizaki, T., Taketomi, M., Eguchi, M., 
Ichida, K., Suzuki, M. & Hashimoto, A. (2004). Photocatalytic Treatment of Water 
Containing Dinitrophenol and City Water over TiO2/SiO2. Separation and 
Purification Tech., Vol.34, 67-72  
Nakasugi, O. (1993). Pollution and Control of Groundwater for Volatile Organic Chlorine 
Compounds. Kyushu branch seminar-1992. Japan Society on Water Environment, 
pp. 6-15 
Okumura, Y., Iida, Y., Ichida, K., Kadokami, K., Suzuki, M., Okayama, Y., Haraguchi, K. & 
Hashimoto, A. (2004). Photodecomposition of Musty Odor Cause Substances Using 
Titanium Dioxides, Proceedings of JWWA 55th Annual National Conference on Water 
Works, pp. 594-595 
Okumura, Y., Taketomi, M., Ichida, K., Kadokami, K., Suzuki, M., Okayama, Y. & 
Haraguchi, K. (2003). Application of Solar Photodecomposition to Water 
Purification Treatment Using Titanium Dioxides, Proceedings of JWWA 54th Annual 
National Conference on Water Works, pp. 270-271 
Tanada, K., Haraguchi, K. & Takeuchi, Y. (1995). Behaviors of Pesticides in Water 
Purification Process, Proceedings of JWWA 46th Annual National Conference on Water 
Works, pp. 478-479 
Tanizaki, T., Hashimoto, A., Matsuoka, Y., Ishikawa, S., Hanada, Y., Kadokami, K. & 
Shinohara, R. (2005). Photodegradation of Organic Compounds in Tap Water Using 
High Reactive Titanium Dioxide. J. Environ. Chem., Vol.15, No.4, 847-853  
Tanizaki, T., Kadokami, K., Sugishima, S., Suzuki, M. & Shinohara, R. (1997). Study on 
Degradation of Trihalomethanes in Water with Photocatalysts Coated with 
Titanium Dioxide. J. Environ. Lab. Assoc., Vol.22, 104-108 
U. S. EPA (1993). Innovative Technology. Annual Status Report EPA 542-R-93-003 
Uesugi, Y., Ueji, M. & Koshioka, M. (1997). Pesticide Data Book 3rd Edition. Soft Science 
Publications, Tokyo, Japan 
Yamaguchi, S., Eto, S., Eguchi, M., Kido, K., Hisamatsu, Y. & Nakazawa, H. (1997). 
Screening Analysis for Multiple Pesticide Residues in Agricultural Products with 
the GC/MS-SCAN Method. Bunseki Kagaku, Vol.46, 905-914 
Yamamoto, I. & Fukami, J. (1979). Pesticide Design, Strategy and Tactics. Soft Science 
Publications, Tokyo, Japan 
www.intechopen.com
Food Industrial Processes - Methods and Equipment
Edited by Dr. Benjamin Valdez
ISBN 978-953-307-905-9
Hard cover, 418 pages
Publisher InTech
Published online 22, February, 2012
Published in print edition February, 2012
InTech Europe
University Campus STeP Ri 
Slavka Krautzeka 83/A 
51000 Rijeka, Croatia 
Phone: +385 (51) 770 447 
Fax: +385 (51) 686 166
www.intechopen.com
InTech China
Unit 405, Office Block, Hotel Equatorial Shanghai 
No.65, Yan An Road (West), Shanghai, 200040, China 
Phone: +86-21-62489820 
Fax: +86-21-62489821
The global food industry has the largest number of demanding and knowledgeable consumers: the world
population of seven billion inhabitants, since every person eats! This population requires food products that
fulfill the high quality standards established by the food industry organizations. Food shortages threaten
human health and are aggravated by the disastrous, extreme climatic events such as floods, droughts, fires,
storms connected to climate change, global warming and greenhouse gas emissions that modify the
environment and, consequently, the production of foods in the agriculture and husbandry sectors. This
collection of articles is a timely contribution to issues relating to the food industry. They were selected for use
as a primer, an investigation guide and documentation based on modern, scientific and technical references.
This volume is therefore appropriate for use by university researchers and practicing food developers and
producers. The control of food processing and production is not only discussed in scientific terms; engineering,
economic and financial aspects are also considered for the advantage of food industry managers.
How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
Seiichi Ishikawa, Bunko Cho, Shin Li, Yuji Okumura, Yoshikazu Iida, Teiji Tanizaki and Masayuki Higuchi
(2012). Photodecomposition Behaviors of Pesticides in the Source for Water Supply Using an Alumina Carrier-
Titanium Dioxide Photocatalyst, Food Industrial Processes - Methods and Equipment, Dr. Benjamin Valdez
(Ed.), ISBN: 978-953-307-905-9, InTech, Available from: http://www.intechopen.com/books/food-industrial-
processes-methods-and-equipment/photodecomposition-behaviors-of-pesticides-in-the-source-for-water-
supply-using-an-alumina-carrier-t
© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
